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Introduction
Chronic non-communicable diseases (NCDs) are the major causes of disease burden and mortality in the Asia and Pacific region, claiming 55% of total life in the South East Asia region each year [1] [2] [3] . Further, it is projected that NCDs in Asia will account for up to 80% of all deaths and 40% of all morbidity by 2030, if no appropriate actions are taken [1] . The World Health Organization (WHO) estimated that South Asian countries recorded 21% increase in total mortality in a 10-year time frame (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , which was the highest increase worldwide [4] and the NCD related deaths increased the most in the WHO South-East Asia Region [1] . The increase in NCDs burden not only presents a major threat to already deteriorating health situation of the general population, but also negatively affects the overall socio-economic development of the countries [5, 6] . Such a pattern ultimately poses a threat to achieving Sustainable Development Goals (SDG), by 2030 [7] . The third SDG targets a one-third reduction in premature mortality due to NCDs. Some of the key drivers of NCDs in low and middleincome countries (LMICs) include the nutrition transition and associated overweight and obesity, rapid urbanization, changing lifestyles, advance health care and ageing population [1] .
Nepal, with a population of almost 29 million in 2016 [8] , has been facing increasing burden of chronic NCDs over the last 20 years [9, 10] . The evidence base on NCDs from the population-based data is scarce, however results from several small-scale studies conducted in community and hospital settings suggest that the number of people with NCDs including cardiovascular disease (CVD), diabetes, chronic obstructive pulmonary disease (COPD) and cancer is increasing [10] [11] [12] . According to the WHO, approximately 60% of total deaths (aged between 30 and 70 years) are attributable to NCDs and NCD-related conditions in Nepal [13] . Nepal has higher age-standardized death rates and disability-adjusted life years from NCDs than communicable diseases [7] . The common modifiable risk factors for NCDs include tobacco use, harmful use of alcohol, inadequate intake of fruits and vegetables, high salt and trans-fat consumption, and physical inactivity [1, 2] . These risk factors are highly prevalent among the Nepalese adults [14] . According to the WHO STEP wise approach to surveillance (STEPS) survey 2013, 17.7% of the Nepalese adults were overweight, 4% obese, 12.3% currently consuming alcohol, 17.8% current tobacco users and only 1.1% having sufficient fruits and vegetables intake [14] . Further, the survey reported almost 41% of adults had at least one NCD risk factor, 30.9% had 2 risk factors, 18.7% had 3 risk factors and 9.0% had 4 or more NCD risk factors [14] . Nepal's total population increased substantially from 15 million in 1981 to almost double in 2016. The life expectancy at birth also increased from 49.5 to 68 years during the same period [8, 15] and the patterns of diseases and associated risk factors have changed with predominance of NCDs and related conditions [14] Despite efforts in improving nutritional status of the Nepalese people, underweight, overweight and obesity still remain serious public health challenges [14, 16] . These conditions can lead to development of NCDs, risking people to immature death and disability [17, 18] . While some studies have sought to examine NCDs and associated factors, they have been regionally focused and limited to hospital/ community settings [10] [11] [12] , hence limiting their external validity. Evidence from nationally representative samples are urgently needed. The aim of this study was to estimate prevalence of underweight, overweight and obesity and its' associated socio-demographic and behavioural factors among the adult population in Nepal.
Materials and methods

Study design and sampling
We performed secondary analyses of data available from Nepal Demographic and Health Survey (NDHS), 2016. A detail methodology of NDHS has been presented elsewhere [19] . In brief, NDHS is a cross-sectional nationally representative survey conducted between 19 June 2016 and 31 January 2017 and was a collaboration between New ERA Nepal, Ministry of Health (MOH), Nepal, ICF International USA and USAID. Participants of this survey were selected using stratified two stage cluster sampling in rural areas and three stages cluster sampling in urban areas. In rural areas, wards were selected as primary sampling units (PSUs), and households were selected from the sample PSUs. In urban areas, wards were selected as PSUs, one enumeration area (EA) was selected from each PSU, and then households were selected from the sample EAs. Firstly, 383 primary sampling units (wards) were selected with probability proportional to ward size. Subsequently, a fixed number of 30 households per cluster were selected with an equal probability systematic selection from the households listing. Altogether, interviews were completed in 11,040 households. This subsample analyses included 13 
Outcome measurement
In NDHS, 2016, the weight and height of the participants were measured at the participant's home by two female trained field research staff. Weight was measured once with light clothing on and without shoes by digital weighing scales placed on a flat surface. Height was measured once using a standard clinical height measuring scale with participant standing without shoes. The participants who could not stand had their height measured in a lying position. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Using Asian specific BMI cut-offs underweight was defined as <18. 5 [20] .
Explanatory variables
The study variables were selected a-priori based on prior studies, a review of the relevant published studies, and the available information in the DHS datasets, with a consideration of potential confounders. Individual-level factors such as age, sex, educational status, marital status, and nutritional status were collected by questionnaire which was administered during a face to face interview. Community-level factors, such as household wealth status and place of residence (urban or rural), administrative divisions, ecological zone (Mountain, Hill or Terai) were also considered in the study. Province was categorized into seven administrative divisions, according to the current administrative structure of Nepal. The DHS applied an assetbased approach to estimate household wealth status, and has been described previously [21] . Each variable (asset) was dichotomized as 1 if present and 0 if not, and the wealth index was constructed using principal component analysis (PCA). Weights were determined by factor scores derived from the first principal component in the PCA. The constructed wealth index values were then assigned to each individual based on common variables.
Statistical analyses
Data were analyzed using Stata/SE 13.0 (StataCorp, College Station, TX, USA). In the descriptive analyses, the characteristics of the study participants are presented in the form of frequency (n), the percentages (%) with 95% confidence interval (CI) or rmean with standard deviation. Univariate and multivariable logistc regression models were used to examine the relationship betweem the participants' nutrional status (underweight and overweight/obesity compared to normal weight) and socio-demographic and economic variables, adjusted with sampling weight and clustering effect. The variables having p-value �0.05 in the bivariate analysis were entered into multinomial logistic regression models to control the confounding effect. The goodness of fit model was employed using the Hosmer and Lemeshow statistic [22] . Variance Inflation Factor (VIF) test was done to determine whether multicollinearity was present or not [23] . For all the tests conducted in the study, a P-value of 0.05 or below was considered as the statistically significant level.
Ethical consideration
The ethics approval for NDHS, 2016 was obtained from the Ethical Review Board of Nepal Health Research Council and ICF Institutional Review Board. The DHS data are publicly accessible and were made available to us upon request by Measure DHS. Large disparities in terms of nutritional status were observed when stratified by both wealth index and administrative divisions. The patterns of overweight or obesity increased by wealth index from poorest as low to richest adults the highest. 
Results
Socio-demographic characteristics of the study participants
Factors associated with underweight
In univariate analyses, being underweight was significantly associated with sex, age, education, wealth, ecological zone, province and place of residence (urban vs. rural) (See Table 2 and Table 3 ). After adjusting for sex, education, wealth, and place of residence, older adults (�65 
Factors associated with overweight and obesity
Being overweight or obese was significantly associated with sex and age of the participants ( Table 3 ). The younger age adults (36-45 years) (aOR 3.05, 95% CI: 2.61-3.57, p<0.001) and females (aOR: 1.53, 95% CI: 1.39-1.68, p<0.001) were either overweight or obese, compared to those in other age groups and males, respectively. Similarly, in general, adults in all age groups were also more likely to be overweight or obese. In contrast, the adults who never married (aOR: 0.45, 95% CI: 0.40-0.58, p<0.001), had no education or preschool education only (aOR: 0.66, 95% CI: 0.56-0.78, p<0.001), and those in all wealth quintiles were less likely to have overweight or obesity. Interestingly, there was no difference in terms of overweight or obesity patterns by ecological regions and place of residence (urban vs. rural) (aOR: 0.95, 95% CI: 0.86-1.04, p = 0.25).
Discussion
To the best of our knowledge, this is a first study ever been conducted to report the prevalence of underweight and overweight/obesity, using Asian specific BMI cut-offs [20, 24] . This is determined by measurement of height and weight and includes a nationally representative sample of Nepalese adults aged 18 years and older. Use of Asian specific cut-offs have been recommended by the WHO expert consultation based on the risk factors and morbidities patterns among Asian population [24] [25] [26] . These cut-off points define underweight �18. [19] .
The overall prevalence of overweight/obesity (29.35%) and underweight (17.24%) among both males and females is high. Compared with males, females are more likely to be both underweight (18.30%) and overweight (32.9%). The results demonstrate the co-existence of dual burden of underweight and overweight in both males and females. These findings are consistent with data from South Asian neighboring countries [27] [28] [29] . For example, a Bangladeshi study reported that 36% of adult women and 29.1% men where underweight and 24.4% of women and 20.5% of men were overweight or obese [27] . Similarly, another study conducted in Bangladesh (women underweight 24%, overweight 13% and obesity 3%) [28] and in Pakistan (women underweight 30%, pre-overweight 15%, overweight 25% and obesity 14%) [29] also reported the similar patterns of underweight and overweight/ obesity among the adults. These all studies conducted in neighboring countries used Asian cut-offs for calculating BMI [27] [28] [29] . A 2013 Nepal NCD risk factor study reported that 21.8% women and 21.0% men were overweight, which is less than the one reported in our study [9] . In India, among the Asian Indian Chennai population, the age standardized prevalence of obesity among the females was 47.4% and males 43.2% [30] . This is similar to our findings and also used Asian cut-offs to calculate BMI. Most of the studies conducted in countries of Asia used Asian cutoffs to categorize underweight, normal and overweight/ obesity, except a STEPS survey in Nepal [9] , which used WHO global BMI cut-points, which categorizes underweight �18.49 [31] .
There was upward u-shaped trend prevalence of overweight/ obesity, with adults (26 to 55 years) almost twice as likely to be overweight/obese compared to other age groups. However, we found little difference in terms of overweight/obesity in females compared to males (32.9% vs. 28.8%). The evidence base including the one from the LMICs also shows that more females are overweight and obese compared to their male counterparts [27, [32] [33] [34] . On the other hand, a study in African country of Botswana reported that 19.5% of males and 10.1% of females were underweight [35] . Compared to the developing countries, the prevalence of obesity among the women is higher in developed countries while male and female ratio to overweight is almost the same [36, 37] .
We reported no significant difference in terms of prevalence of overweight or obesity in people residing in urban or rural areas. However, other studies in the past in Nepal [9] as well as neighboring countries including Bangladesh [27, 38] , Myanmar [39] and India [40, 41] , have shown that urban residents have higher prevalence of overweight and obesity compared to their rural counterparts. In these Asian countries, overweight or obesity is more common among the people with high education level and high income or wealth index [41] [42] [43] [44] , and this pattern is consistent to the findings presented in this study. There are several reasons to such scenario, including rapid and disorganized urbanization, increasing sedentary lifestyles, easy access to and consumption of unhealthy food and high energy drinks etc. Low BMI is often associated with low nutritional status and adverse health outcomes [45] . Previous studies suggested that the underweight in women of childbearing age is a risk factor for adverse pregnancy outcomes, such as intrauterine growth retardation or low-birth weight infants [46, 47] . Besides, being overweight/ obese is associated with increased risks of developing chronic NCD conditions [17, 18, 45] .
As the chronic NCDs have become a major public health threat for Nepal, the healthcare system is not yet prepared to mitigate this growing burden of NCDs [48, 49] . Addressing this growing threat would require a multi-faceted approach and collaboration among professionals and institutions that have traditionally worked separately. Ensuring an equitable supply of primary health care services to the disadvantaged or underserved populations is a great challenge for governments of low-and middle-income countries in the Asia Pacific, particularly for the populations residing in remote or rural locations. The scarcity of healthcare facilities, lack of trained medical professionals (i.e. doctors, nurses) and long distance between the community and the nearest health facility underscore the need for alternate models for service delivery to reach each sector of the public with necessary health services and affordable medications. While the problem of NCDs in LMICs including Nepal is increasing rapidly, several studies have highlighted the importance of building health systems that primarily emphasizes community-based intervention approaches and uses locally available resources [50] [51] [52] .
The strength of this study is that it is the analysis of a large nationally representative samples comprising both urban and rural adult populations in Nepal. However, we note few limitations. Since it was a cross-sectional study, we could not elucidate causality between nutritional status and its' determinants, primarily the lifestyle and related factors. In addition, the NDHS 2016 did not include information on dietary habits, alcohol intake or physical activity and hence major determinants of nutritional status could not be explored.
Conclusion
The findings presented in this study indicate co-existence of the double burden of underweight and overweight/obesity among Nepalese adults aged 18 years and above. The proportion of overweight and obesity is substantially high among the wealthiest, educated, and women adults. This indicates that the problem of overweight/obesity, is likely to worsen if no effective intervention strategies are developed and implemented. Nonetheless, underweight among adults still remains a major public health challenge among poor and uneducated population of LMICs. Both conditions are associated with increased risk of NCD morbidity and deaths due to NCD and related conditions. Therefore, effective public health intervention approaches to address these conditions and associated risk factors are essential. These could involve improved primary health care systems that emphasizes NCDs prevention and care, enhanced NCD awareness among general population, improved healthy lifestyle and use of multi-faceted approach and multi-sectoral collaboration in the efforts of prevention and control of NCDs and associated risk factors.
